ABSTRACT: Ultraviolet photolysis and ultraviolet and hydrogen peroxide oxidation of fourteen commonly used pharmaceutical compounds and two personal care products in mixed solution using low pressure ultraviolet lamp was investigated in laboratory batch experiments. Removal of the compounds followed the first-order reaction kinetic. Three distinct impacts of hydrogen peroxide on ultraviolet and hydrogen peroxide oxidation of the compounds (positive, negative and no significant effect) were observed. Removal behavior of the several tested compounds in mixed solution varied significantly than their respective behavior in absence of coexisting compounds. Clofibric acid, diclofenac, fenoprofen, isopropylantipyrine, ketoprofen, phenytoin and triclosan were removed very efficiently (> 96 %) by ultraviolet photolysis alone. Residual hydrogen peroxide during ultraviolet and hydrogen peroxide oxidation was quantitated for the first time. Hydrogen peroxide addition to ultraviolet photolysis was not worthy for majority of the tested compounds as their removal did not increase significantly and very big fractions (> 85 %) of the added hydrogen peroxide (0.29 ~ 1.47 mM) remained unused presumably due to small fluence of the lamp, very small molar absorption for hydrogen peroxide at 254 nm (27.06 /M.cm) and acidic pH of reaction solution (< 5.7). Further exploration on ultraviolet and hydrogen peroxide oxidation with higher fluence lamp and alkaline solution pH will clarify usefulness of the method to treat pharmaceutical contaminated waters.
INTRODUCTION
Ever increasing use of pharmaceutical compounds combin ed with in efficien cy of conven tion al wastewater treatment methods to remove the compounds h as resulted to their widespread detection in water environment. Oxidation of organic compounds in water using ultraviolet radiation and hydrogen peroxide (UV/H 2 O 2 ) is widely investigated (Perkowski and Ledakowicz, 2002; Rauf et al., 2005; Shu and Chang, 2006; Abdullah et al., 2007; Alshamsi et al., 2007; Samarghandi et al., 2007) , and the method is generally considered as a promising one (Lopez et al., 2003; Vonga et al., 2004; Pereira et al., 2007a) . Several literatures demonstrated degradations of commercial dyes by UV/H 2 O 2 in aqueous solutions. Carmine degradation was enhanced at high pH in alkaline region, and presence of bromide, chloride, acetate, sulfate, silver and bicarbonate ions were found to have negative impact on safranin-O degradation by UV/H 2 O 2 (Abdullah et al., 2007) . Enhanced efficiency of UV/H 2 O 2 oxidation at alkaline pH region is attributed to hydroxyl radical formation (Qiao et al., 2005; Giri et al., 2010) . Also, it is argued that decolorization of C. I. Acid Black 1 decreased with increasing solution pH due to decomposition of H 2 O 2 into water and oxygen rather than hydroxyl radical formation (Shu and Chang, 2006; Igwe et al., 2008; Shah et al., 2009) . A suitable H 2 O 2 dosage showed enhanced performance of the process to degrade crystal violet (Alshami et al., 2007) . Vogna et al., (2004) found UV/H 2 O 2 to be an efficient process compared to ozonation to degrade diclofenac. Pseudo first-order degradation rates of some pharmaceutical compounds with UV/H 2 O 2 increased sign ificantly th an those with UV photolysis alone (Kim et al., 2008) . Low pressure (LP) UV lamps with 254 nm wavelength emission were used in almost all the earlier investigations, while a couple of them (Pereira et al., 2007b ; Canonica et al., 2008) argued that medium pressure (MP) lamps were more useful than LP lamps to effectively remove pharmaceutical compounds in water. Oxidation behaviors of an organic compound by UV and UV/ H 2 O 2 may not be the same as its oxidation behaviors in mixed solution s with several coexistin g compoun ds due to wide var iation in their physicochemical characteristics and some limiting conditions (available photon energy, other oxidizing species such as hydroxyl radical etc. 
MATERIALS AND METHODS

Materials
IBP and TCC standards were purchased from Sigma-Aldrich Inc. and Tokyo Chemical Industry Co. Ltd., respectively. FEP, GFZ and CA standards were purchased from ICN Biomedicals Inc., LKT Lab Inc. and MP Biomedicals Inc., respectively. Standards of remaining compounds, aqueous H 2 O 2 (30 % by weight) and Na 2 SO 3 (for quenching residual H 2 O 2 in samples) were purchased from Wako Pure Chemicals Ltd. Nanocolor Peroxide 2 test kit (Merck, Germany) was used to measure residual H 2 O 2 in samples. A low power (10 W) low pressure tubular mercury lamp (UVL10D, 254 nm, Sen Light Corporation, Japan) emitting mainly 254 nm wavelength was the source of UV irradiation. Reactor design and details of the experimental setup are given elsewhere (Giri et al., 2007) . A recirculation cooler (CCA-111, Tokyo Rikakikai Co., Ltd.) was used for temperature control of reaction solution. A schematic diagram of the experimental setup is illustrated in Fig. 1 .
Experimental
Stock solution of each compound (1.0 g/L) was prepared in ultrapure water and stored at 4 o C for future use. Mixed aqueous solutions (1.2 L) of the sixteen compounds (100 g/L of each compound, i.e. 13.37 10 -2 M ~ 55.7910 -2 M) were prepared in ultrapure water using the stock solutions. Six initial H 2 O 2 doses (0 ~ 1.47 mM) were selected in this investigation based on a series of preliminary test exper imen ts. Th e r eaction solution was continuously mixed ( 300 rpm) using a magnetic bar and stirrer under controlled temperature (25±2 o C) in all the experiments. Solution pH was continuously monitored while the initial pH values in any of the experiments were not adjusted. Experiments were run for 30 min reaction time, samples were drawn at specified intervals for analysis. Residual H 2 O 2 in samples were quenched using Na 2 SO 3 solution (1.0 g/L). UV absorption
